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[Title of the Invention] 

LIQUID CRYSTAL DISPLAY DEVICE 

[Abstract] 

[Object] An object of the invention is to reduce a required area of a driving circuit and 
an electrical power consumption. 

[Constitution] In a driving circuit built-in type of active matrix substrate 101, a gate 
wirings driving circuit 103a including an n-MOS transistor and a gate wirings driving 
circuit 103b including a p-MOS transistor are connected by longitudinal wirings 108 to 
form a complementary driving circuit. 

[Effect] The required area of the driving circuit becomes half. The n-MOS transistor 
and the p-MOS transistor are formed separately so that a driving circuit utilizing CMOS 
can be produced easily. 

[Claims] 

[Claim 1] A liquid crystal display device comprising a first and a second 
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electrode substrates, liquid crystal inserted between the first and the second electrode 
substrates and a driving circuit for driving the liquid crystal, wherein the driving circuit is 
divided into a first and a second driving circuit, the first driving circuit is mounted on the 
first electrode substrate, the second driving circuit is mounted on the second electrode 
substrate, and the first driving circuit and the second driving circuit are connected by 
wirings. 

[Claim 2] A liquid crystal display device as claimed in claim 1, wherein the 
first driving circuit includes a one-conductive type of thin film MOS transistor, and the 
second driving circuit includes another conductive type of thin film MOS transistor. 

[Claim 3] A liquid crystal display device as claimed in claim 1, wherein the 
first driving circuit is formed by using a first semiconductor thin film formed on the 
electrode substrate, and the second driving circuit is formed by using a second 
semiconductor thin film formed on the counter electrode substrate. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to a liquid crystal display device, in particular 
relates to a driving circuit built-in type of active matrix liquid crystal display device. 
[0002] 
[Prior Art] 

In recent years, an active matrix liquid crystal panel utilizing a switching 
transistor array formed on a surface of a transparent substrate such as glass has been in 
practical use. In the active matrix liquid crystal panel, all driving circuits are formed 
outside of the active matrix liquid crystal panel. 
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[0003] 

When a matrix size increases as the number of pixel elements of a display 
increases, the number of video signal lines and gate lines increases, which causes a 
required space of a connecting portion between the panel and the outer driving circuit to 
increase, because the number of required contact terminals corresponds to the sum of 
both video signal lines and gate lines. This prevents the panel size from reducing. An 
outside driving circuit LSI and its mounting costs also increase. For this reason, it is 
proposed that the driving circuit is built in the active matrix substrate in order to solve the 
above-described problem. 

[0004] 

A driving circuit built-in type of conventional active matrix panel will be 
described below referring to Fig. 3A and Fig. 3B. Fig. 3A is a cross-sectional view of a 
driving circuit built-in type of conventional active matrix panel and Fig. 3B is a plan 
view of a driving circuit built-in type of conventional active matrix panel. 

[0005] 

On a transparent glass substrate 301, a display area, which includes video signal 
wirings S(l) to S(M), gate wirings G(l) to G(N), and a matrix of pixel elements 302 
having each pair of a thin film transistor (not shown) and a pixel electrode formed (not 
shown) at each intersection point of those wirings, is formed. A video signal wirings 
driving circuit 303 for driving the video signal wirings S(l) to S(M) and a gate wirings 
driving circuit 304 for driving the gate wirings G(l) to G(M) are also formed on the 
active matrix substrate 301. Liquid crystal 307 is inserted between a counter electrode 
substrate 305 formed on a second transparent glass and the transparent glass substrate 
301, and the liquid crystal 307 is sealed by a sealing material 306. 

[0006] 
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[Problems that the Invention is to Solve] 

However, in the above-described conventional driving circuit built-in type of 
active matrix panel, when the number of the pixel element is increased for the purpose of 
a larger area display and a higher definition display, a load of the driving circuit increases, 
which has to enlarge a size of a driving transistor, allowing the required area of the 
driving circuit to increase. This results in a problem of enlarging a display apparatus. 

[0007] 

Because the conventional driving circuits 303 and 304 are consisted by, for 
example, only an n-channel thin film transistor, when the load of the driving circuit 
increases, the driving transistor enlarges, which allows the electrical power consumption 
to increase. This gives rise to another problem that reliability is reduced by heat 
dissipation. 

[0008] 

In view of the foregoing, an object of the invention is to provide a liquid crystal 
display device having a smaller required area of a driving circuit. 
[0009] 

It is another object of the invention to provide a liquid crystal display device 
reducing heat dissipation due to a driving circuit and having higher reliability. 
[0010] 

[Means for Solving the Problems] 

According to the invention, a liquid crystal display device comprising a first and 
a second electrode substrates, liquid crystal held between the first and the second 
electrode substrates and a driving circuit for driving the liquid crystal, wherein the 
driving circuit is divided into a first and a second driving circuit, the first driving circuit 
is mounted on the first electrode substrate, the second driving circuit is mounted on the 
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second electrode substrate, and the first driving circuit and the second driving circuit are 
connected by wirings, can be obtained. 
[0011] 

According to the invention, a liquid crystal display device further comprising the 
first driving circuit including a one-conductive type of thin film MOS transistor and the 
second driving circuit including another conductive type of thin film MOS transistor can 
be also obtained. 

[0012] 

According to the invention, a liquid crystal display device according to claim 1 
further comprises the first driving circuit formed by using a first semiconductor thin film 
formed on the electrode substrate and the second driving circuit formed by using a 
second semiconductor thin film formed on the counter electrode substrate can be also 
obtained. 

[0013] 

By dividing the driving circuit of the conventional liquid crystal display device to 
mount on two electrode substrates, the required area of the driving circuit can be reduced 
to a half. This can be done in the same manner, even if the driving circuit is produced 
beforehand separate from an electrode substrate, or even if the driving circuit is formed 
by using a semiconductor thin film on the electrode substrate. 

[0014] 

Preferable methods connecting the divided driving circuits include a method 
providing a metallic projection in one of the driving circuits and gluing together prior to 
ejection of the liquid crystal, a method melting a substance which fine particles such as a 
silver paste are embedded in resin between the driving circuits, and a method inserting 
anisotropic conductive rubber. The method providing a metallic projection is desirable 
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from the point of view of reducing defects in the wirings. 
[0015] 

The driving circuit is produced by using the semiconductor thin film formed on 
the electrode substrate, which allows the required area and mounting costs to be reduced. 
Poly silicon, amorphous silicon and the like can be used for the semiconductor thin film, 
in particular the poly silicon is preferable because a high acting speed transistor can be 
produced. 

[0016] 

Furthermore, the one-conductive type and the other conductive type of thin film 
transistors are utilized for the first and the second driving circuits respectively to make a 
complementary type of MOS structure, which enables the electrical power consumption 
to be reduced. At this point, when the complementary type of thin film MOS transistor 
is divided into each substrate, the one-conductive type of MOS transistor may be 
produced on each substrate. This permits a production process to be significantly 
simplified compared with producing both the n-channel and the p-channel MOS 
transistors on one substrate, production costs can be also reduced. When the driving 
circuit on the substrate provided with a pixel element electrode is constituted by the same 
conductive type of transistor as the thin film transistor in the display area, the driving 
circuit and the transistor in the display area are formed at the same time. Even in this 
case, when the poly silicon is used as the semiconductor thin film, acting speed can be of 
course increased, not only the n-channel type but also the p-channel type of MOS 
transistor can be easily produced. 

[0017] 

[Embodiments] 

The invention will be described below referring to the accompanying drawings. 
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[0018] 

Figs. 1A to 1C show a preferred embodiment of a liquid crystal display device 
according to the invention. Fig. 1A is a cross-sectional view of a driving circuit built-in 
type of active matrix liquid crystal panel. Fig. IB is a plan view of a driving circuit 
built-in type of active matrix substrate and Fig. 1C is a surface view showing a 
configuration of a counter electrode substrate respectively. 

[0019] 

A pixel element 102 including a pair of a thin film transistor and a pixel element 
and parts of driving circuits 103a and 104a are mounted on a transparent glass substrate 
to constitute an active matrix substrate 101. Other parts of driving circuits 103b and 
104b are mounted on the other transparent glass substrate to constitute a counter 
electrode substrate 105. The active matrix substrate 101 and the counter electrode 
substrate 105 are overlapped with a proper gap, the gap is filled with liquid crystal 107 
and sealed by a sealing material 106. The driving circuits provided with a video signal 
wirings 103a and 103b, and the driving circuits provided with gate wirings 104a and 
104b are separately mounted on the active matrix substrate 101 and the counter electrode 
substrate 105 respectively, the driving circuits on the two transparent glass substrates are 
connected by longitudinal wirings 108. 

[0020] 

A first feature of the embodiment is that, as described above, the driving circuits 
103 and 104 are divided into and built in the active matrix substrate 101 constituting the 
active matrix liquid crystal panel and the counter electrode substrate 105. This permits 
the required area of the driving circuit to be reduced to about a half area. 

[0021] 

Fig. 2 shows a preferred embodiment of a driving circuit diagram of a driving 
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circuit built-in type of active matrix liquid crystal panel according to the invention. An 
n-channel thin film MOS transistor 201 is mounted on the side of the active matrix 
substrate 101 and a p-channel thin film MOS transistor 202 is mounted on the side of the 
counter electrode substrate 105 respectively, those thin film MOS transistors are 
connected by longitudinal wirings 108 so as to constitute a circuit of a complementary 
type of MOS transistor. The constitution of the circuit permits the electrical power 
consumption to be reduced significantly compared with a driving circuit constituted by a 
single conductive type of thin film MOS transistor, so that improvement of the reliability 
can be expected by reducing the heat dissipation. 
[0022] 

[Advantage of the Invention] 

As set forth hereinabove, by applying the invention, a liquid crystal display 
device having high driving performance is obtained although a relatively required area 
of a driving circuit is smaller compared with a display area, which enables a larger area 
or a higher definition high-performance display with a compact outside dimension. 

[0023] 

Furthermore, by adopting the constitution of the driving circuit of the 
complementary type of MOS structure, the driving circuit is operational by quite low 
electrical power consumption, this advantage allows a liquid crystal display device 
having lower heat dissipation and excellent reliability for long-term period to be 
obtained. 

[0024] 

The invention has another advantage of simplifying a production process because 
the same channel MOS transistors can be produced on the same substrate in a manner 
that an n-channel and a p-channel of the complementary type of MOS structure are 
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divided respectively. 



[Brief Description of the Drawings] 

Fig. 1 shows a liquid crystal display device of an embodiment according to the 
invention, Fig. 1A shows a cross-sectional view, Fig. IB shows a plan view of an active 
matrix substrate and Fig. 1C shows a configuration of a counter electrode substrate 
respectively. 

Fig. 2 shows a configuration of a driving circuit of a liquid crystal display device 
according to the invention. 

Fig. 3 shows a conventional liquid crystal display device. 

[Description of the Reference Numerals and Signs] 

101, 301 active matrix substrate 

102, 302 pixel element 

103a, 103b, 303 gate wirings driving circuit 

104a, 104b, 304 video signal wirings driving circuit 

105, 305 counter electrode substrate 

106, 306 sealing material 

107, 307 liquid crystal 

108, 208 longitudinal wirings 

201 n-channel thin film MOS transistor 

202 p-channel thin film MOS transistor 



[Fig. 1A] 

101: ACTIVE MATRIX SUBSTRATE 



102: PIXEL ELEMENT 

103a: GATE WIRINGS DRIVING CIRCUIT 

105: COUNTER ELECTRODE SUBSTRATE 

106: SEALING MATERIAL 

107: LIQUID CRYSTAL 

[Fig. IB] 

104a: VIDEO SIGNAL WIRINGS DRIVING CIRCUIT 
[Fig. 2] 

108: LONGITUDINAL WIRINGS 

201: n-CHANNEL THIN FILM MOS TRANSISTOR 

202: p-CHANNEL THIN FILM MOS TRANSISTOR 

[Fig. 3] 

301: ACTIVE MATRIX SUBSTRATE (TRANSPARENT GLASS SUBSTRATE) 

302: PIXEL ELEMENT 

303: GATE WIRINGS DRIVING CIRCUIT 

305: COUNTER ELECTRODE SUBSTRATE 

306: SEALING MATERIAL 

307: LIQUID CRYSTAL 
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